Aim: This study aimed to determine the prevalence of health conditions in newly arrived refugee children and access to timely heath screening. Methods: Cross-sectional data from screening of refugee children in regional Australia (2007-12) were analysed for health conditions and timeliness of primary care access. Results: The health of 376 newly arrived refugee children (0-15 years) was assessed. Refugee children came from African (45%), Southeast Asian (29%) and Eastern Mediterranean (10%) regions. Access to primary care screening was present in 367 children (97% of arrivals). Completion of all recommended screening tests was 72%. Of 188 children with arrival and screening dates recorded, 88% were screened within 1 month and 96% within 6 months of arrival. Timely access of remaining children could not be assessed. Conclusion: Primary care was highly accessible to almost all newly arrived refugee children. Health screening was timely in those children with complete medical records.
hearing and vision problems, enuresis, sleep disorders, oral disease, developmental and learning difficulties and chronic diseases routinely screened for in developed countries [9, 15] .
The intention of health screening of refugee populations in destination countries is to ensure early healthcare and exclude conditions of individual and public health significance [16, 17] . Best practice refugee health guidelines suggest infectious disease screening within 1 month of arrival and the provision of equitable access to high-quality primary care close to home [18] [19] [20] [21] . Coordination of care and integration of multiple service providers across screening services, mainstream services and medical specialists enhance accessible, effective and efficient healthcare [20] [21] [22] .
In 2007, a program of health screening of newly arrived refugee families commenced in a regional health district in New South Wales, Australia. General practitioners (GPs) are at the centre of care provision from the initial screening assessment of the entire family through to ongoing care. GPs are supported by refugee health nurses (RHNs), written protocols and pro forma pathology request forms, specialized referral clinics and highly accessible tertiary consultation services, which also provide GP training and guidelines (Fig. 1) . Paediatric refugee clinics are provided 100 km away in Sydney (for the 15-20% of children requiring access to sub-speciality paediatricians) or on an outreach basis to the regional centre. Settlement case workers and RHNs support families to navigate the health service, and transport costs are subsidized if travel to Sydney is required.
The 7-10 GPs linked with this programme provide an initial health assessment and complete a locally agreed panel of screening tests over one or more appointments. This includes screening for infectious diseases according to the Australasian Society of Infectious Diseases guidelines for newly arrived refugees with additional investigations for general paediatric conditions (Table 1) [18, 19] . Consultations with families are either in-language (using bilingual GPs) or through telephone language support from the Australian Government's Translating and Interpreting Service.
Aims
This study aims to determine the prevalence of health conditions in newly arrived children (0-15 years) from refugee backgrounds in a specified regional health district between 2007 and 2012, and to assess their access to timely primary healthcare screening.
Methods
Clinical and pathology data obtained from GP screening of refugee children were stored on a centralized database. Cross-sectional analysis of these data was conducted using SAS software (version 9.3) and JavaStat [23, 24] .Prevalence of health conditions and associations with age, gender and World Health Organization region of origin (African, Eastern Mediterranean, European, Southeast Asian, Western Pacific) were explored [25] . A v 2 test was used to assess the relationship between age (<5 vs. 5 years) and iron deficiency; and between the presence of a number of conditions and region of origin. Low ferritin level (<20 mg/l) was used as a marker of iron deficiency. Vitamin D deficiency was defined as <50 nmol/l, with severe deficiency <12.5 nmol/l. Anaemia was defined as haemoglobin <110 g/l.
To assess access to primary care, the proportion of newly arrived refugee children who had attended a GP was compared with the total population of new arrivals in the same time frame. Timeliness of screening was determined using documented dates of arrival and dates of screening.
Ethics approval for this study was granted by the health service Human Research Ethics Committee (HREC Reference No. 08/084).
R E S U L T S

Demographics
During the study period, 376 refugee children arrived in the health district. Of these, 367 children (97%) accessed local GPs for health screening. The median age of children was 8.0 years, with 55% male children ( Table 2 ). Most refugee children came from the African region, followed by the Southeast Asian and Eastern Mediterranean regions. This differed from the national refugee intake over the same period, which had fewer from the African (27%) and Southeast Asian (19%) regions [25] . Most spoke a language other than English (98%). There were no unaccompanied or separated minors in this cohort.
Pathology screening results
All children accessing GPs (n ¼ 367; 97%) had some level of pathology screening performed. Most (72%) had all the recommended tests completed; this ranged from around 80% for tests for malaria, hepatitis C and non-infectious conditions to around 50% for schistosomiasis and Strongyloides (Table 3) .
Most children (264 of 376, 70%) did not test positive to any of the infectious conditions. Iron deficiency was more prevalent in children <5 years (87.1%) compared with children 5 years (67.9%; p ¼ 0.0017). Anaemia was because of iron deficiency (88%), two cases of thalassaemia trait and one case of newly diagnosed sickle cell disease. Additional children were diagnosed with sickle cell disease (one), sickle cell trait (three) and thalassaemia trait (one) and managed in consultation with paediatric haematologists.
Seventy-five children (20%) had one infectious condition and 28 children (8%) had two or more concurrent infectious conditions. Schistosomiasis was the most common infectious condition. All malaria cases diagnosed had been negative on predeparture screening. Human immunodeficiency virus (HIV) testing, performed only for clinical indications (such as failure to thrive, generalized [18, 19] . The effectiveness of pre-departure measles and rubella vaccination in a subset of this cohort (arriving 2007-10) are reported in full elsewhere. In brief, immunity rates among those without documented measles, mumps and rubella vaccine was sub-optimal [26] .
Timeliness of screening Both arrival and screening dates were available in 188 children (50%), of whom 165 (88%) were screened within 1 month and 179 (96%) within 6 months of arrival in Australia (Fig. 2) . Using an 'intent-to-treat' analysis in all 376 children, including those with missing data, at least 44% were tested within a month of arrival.
Regional differences
Iron deficiency was more prevalent in children from the African (75%), Southeast Asian (71%) and Eastern Mediterranean (71%) regions. Vitamin D deficiency was more likely to occur in those from Eastern Mediterranean and European regions (65%) compared with African, Southeast Asian and Western Pacific regions (20%) (p < 0.001). Consistent with the literature, schistosomiasis and malaria infection were significantly associated with the African region of origin (p < 0.001; p ¼ 0.01119]. There was no significant relationship between Strongyloides infection and region of origin (p ¼ 0.298).
D I S C U S S I O N
Through the GP-led model of care set up specifically to meet the needs of refugee families, almost all newly arrived children in this study accessed both GPs and pathology testing, and the majority had the full battery of pathology tests. Children with both arrival and screening dates accessed health screening within 1 month of arrival and the remainder within 6 months [18] .Timeliness could not be assessed in the remaining children because of missing date data but ensuring timely access is one of the core roles of the Refugee Heath Nurses.
This study demonstrates that accessible healthcare can be achieved through a model led by primary care with support from RHNs and specialized referral services [20, 27] . A systematic review of primary care delivery models found improved access was associated with the use of specialist refugee health workers, interpreters and bilingual staff, as seen in this model [22] . Refugee screening in primary care also has the potential to address elements of good practice such as family-centred care, coordination of initial and ongoing healthcare, inter-sectoral (72) 34 (9) 34 (11) collaboration and capacity building of the primary care sector and consequent sustainability [28] [29] [30] . Furthermore, coordination by GPs is particularly important in regional areas of Australia, where specialist services are limited [27, 28] . Despite many advantages of a GP-led model of care, there are limitations in the breadth of the clinical assessment possible in the primary care setting, particularly on initial assessment [5, 27, 31] . Conditions known to be 'missed' by GPs, and more likely to be detected in specialist paediatric refugee clinics, include gastrointestinal disease such as Helicobacter pylori infection, skin conditions, enuresis, poor weight gain and psychological symptoms [9] . Underdiagnosing these at first assessment needs to be weighed against the advantage of easy access to initial health screening, localized entry into the health system for ongoing healthcare, family-oriented care and the long-term benefits for the health system of capacity building in the primary care sector [22] .
Most Australian studies focus on clinic-based populations, making it impossible to estimate the proportion of all new arrivals having an initial screening assessment [4, 19, [32] [33] [34] . The proportion of children screened in this study compares favourably with the few other studies describing populationbased screening [19, 35] .
Consistent with current literature, this cohort demonstrated a high prevalence of health conditions detected by screening [3, 5, 6, 9, 36, 37] . Although infectious diseases are often the predominant clinical and community concern in refugee populations, this study found the majority of children did not have infectious conditions and the most common diagnoses were iron and vitamin D deficiencies [38, 39] . The high prevalence of iron deficiency compared with other published studies may represent poorer nutritional status, a greater burden of gastrointestinal blood loss or chronic infections in this cohort [6, 8-10, 19, 41] . Iron deficiency was significantly more prevalent in children < 5 years, in whom cognitive and psychomotor development are known to be adversely affected by inadequate iron levels [41, 42] . Vitamin D deficiency was more prevalent in refugees originating from the Eastern Mediterranean region, most likely because of wearing covering clothing [19] . The prevalence of vitamin D deficiency in children from the African and Southeast Asian regions was lower than in other studies, possibly because of screening close to time of arrival, with greater time spent in Australia an ongoing risk factor [8, 43] .
GPs were provided with standardized screening protocols and pro forma pathology forms to be used in all children irrespective of region of origin. However, pro formas may not have been consistently used or the testing guidelines may have been modified by individual practitioners to produce the variability in testing seen in this study. The latest Australasian guidelines, which were made available after this study was completed, suggest a more individualized approach based on region of origin and individual risk factors [19] . This may reduce the risk of false positive results in conditions of low prevalence and provide cost savings to the government, but at the risk of increasing time and complexity for clinicians, as they review each case individually rather than using a standardized approach. Region-and risk-specific screening as well as strategies to encourage utilization of guidelines requires further research in the primary care context to ensure feasibility [19] .
The malaria cases highlight the difficulties of effective pre-departure management, as all children had documented negative pre-departure malaria screening. Pre-departure screening has been shown to reduce post-arrival malaria incidence, but it remains possible to develop malaria if remaining in a malaria risk zone because of re-infection after screening, or ineffective treatment [44, 45] . Furthermore, rapid diagnostic tests used during pre-departure screening may give false negatives [46, 47] . Post-arrival malaria screening is thus important in refugee populations from high-risk regions, even in the context of documented negative pre-departure screening [19] .
The screening guidelines used in this study identified those conditions most likely to have an impact on a child's health soon after resettlement. The literature reports the detection of important health conditions, such as vision and hearing impairments, mental health diagnoses and developmental and learning difficulties [19, 44, 45, 49] . However, these are more appropriately screened for once children are not facing immediate post-arrival challenges [48] . This study design precludes reporting on developmental, educational or mental health outcomes, or whether early screening has impacted on longterm health and settlement outcomes, as this requires a longitudinal study design.
This study provides information on the health status of this particular refugee cohort, but is not necessarily generalizable to all refugee arrivals, who are dynamic and influenced by world conflicts and migration patterns. The health of refugee populations in their destination country is also influenced by host country selection. For example, more recent cohorts of refugee arrivals to Australia have higher rates of disability as health requirements for refugees with known chronic health conditions and disabilities became less stringent in 2012 [49, 50] .
C O N C L U S I O N
This study describes a GP-led model of care for refugee children and demonstrates that post-arrival screening was accessible to almost all children, and identified a significant burden of general paediatric and infectious morbidity. Timeliness of screening within 1 month of arrival, as recommended, was achieved in those children where data recording was complete, but could not be assessed in all children. While data capture systems should be improved, building on universally available primary healthcare services in Australia integrates the refugee population into mainstream healthcare for family-centred care. Once immediate health needs have been addressed, monitoring the long-term health needs of refugee children is required using a longitudinal study design. 
